Two syenite sills intrude the local Paleozoic strata of eastern New York State and are exposed along the western shore of Lake Champlain. The sills are fine-grained, alkali feldspar syenites and quartz syenites, with phenocrysts of sanidine and albite. The two sills are compositionally distinct, with crossing REE profiles and different incompatible element ratios, prohibiting a simple petrogenetic relationship. Zircon extracted from the upper sill yield a U-Pb age of 131.1 +/-1.7 Ma, making the sills the youngest known igneous rocks in New York State. This age is similar to the earliest intrusions in the Monteregian Hills of Quebec, over 100 km to the north. Sr and Nd radiogenic isotope ratios are also similar to those observed in some of the syenitic rocks of the eastern Monteregian Hills.
New England throughout the Mesozoic. Igneous rocks range in age from ~ 240 Ma to ~85 Ma (McHone and Butler 1984) , and in composition from highly alkaline mafic intrusions (e.g. lamprophyres) to highly alkaline felsic intrusions (e.g. nepheline syenites and quartz syenites), to high silica granites (Eby 1985; McHone 1987) . McHone and Butler (1984) identified and described four distinct igneous provinces in the region: 1) the Coastal New England Province, 2) the Eastern North America Dolerite Province, 3) the White Mountain Province, and 4) the New England -Quebec Province. Cannon Point lies on the western margin of all of this activity, within the broad New England -Quebec (NEQ) magmatic province ( Figure 1) . Magmatism in the western portion of the NEQ was dominated by mafic, alkaline intrusions, particularly in the Monteregian Hills region of southern Quebec (Eby 1987 ) and throughout the Lake Champlain valley (McHone 1987; McHone and McHone 1999) . Silica-saturated magmas in this area are uncommon, unlike in the White Mountain province where they are dominant (Eby et al. 1992; Foland and Allen 1991) . Other than the small (< 0.2 km 2 ) Barber Hill syenitic stock ~5 km due east of Cannon Point in Charlotte, VT, the closest similar silicic intrusives are more than 100 km to the north at Mont Brome and Mont Shefford in the Monteregian Hills, or > 150 km to the east in the White Mountains of New Hampshire. Previously identified Mesozoic plutonic rocks in upstate New York are limited to small, but numerous kimberlitic dikes and diatremes (Bailey and Lupulescu 2015) .
Mesozoic magmatism in the NEQ and in the WMMS provinces has been ascribed to two fundamentally different tectonic mechanisms: 1) asthenospheric mantle plume-derived melts related to the Great Meteor Hotspot (Crough 1981; Heaman and Kjarsgaard 2000) , or 2) D r a f t 4 lithospheric mantle derived melts generated in response to Mesozoic rifting and crustal thinning (McHone and Butler 1984; Parrish and Lavin 1982; Roulleau and Stevenson 2013) .
The purpose of this study is to provide additional constraints on the timing and nature of Mesozoic magmatism in northeastern North America by obtaining age and geochemical data for the poorly known intrusions at Cannon Point.
Previous Studies, Field Relations, and Petrography
The Cannon Point intrusions are exposed along the western shore of Lake Champlain in northern New York over a distance of ~ 1.5 km (Figure 1 ). The sills were first recognized and mapped by Buddington and Whitcomb (1941) , but the only subsequent work done on these intrusions was by three Middlebury College students over 30 years ago (Beyer 1971; Conard 1983; Crocker 1971) . While initially thought to be lava flows (Beyer, 1971) , field relations clearly reveal that there are at least two sills that intrude the local dark gray, shaly limestones of the Middle Ordovician Trenton Group (Conard 1983) (Figure 2 ). Both sills exhibit ~25 cm thick chilled margins where in contact with the limestone, and the thickness of the limestone between the two sills varies from 2 to 50 cm. The two sills each have a minimum thickness of 5 m; there are no exposures that show a complete vertical section through either sill.
Both sills are porpyyritic, with glomerocrysts of feldspar present in nearly all samples; this texture is best observed in the finer-grained chilled margins of the intrusions. The SEM/EDS analysis of the phenocrysts reveals that they are fairly homogeneous, with compositions averaging ~ Or 80 +/-5; albitic rims on the sanidine as well as the albite phenocrysts have compositions ~ Ab 92 +/-5. No other phenocryst phases were observed, although sparse 0.5 -1 mm long aggregates of secondary minerals (calcite, titanite, rutile, synchesite, and pyrite) exhibit shapes that suggest they may be pseudomorphs after amphibole.
Groundmass textures range from spherulitc, to trachytic, to hypidiomorphic granular, to granophyric -generally related to the distance from a chilled margin. Groundmass phases identified, in order of decreasing abundance, are alkali feldspar, albite, quartz, magnetite, and zircon. All of the rocks have been altered, some quite extensively. This is evidenced by the ubiquitous sericitization of the feldspars, and the carbonatization of many samples.
Methods
Thirteen hand samples were collected from exposures on the western shore of Lake Champlain just south of the town of Essex, NY. Two thin sections were prepared from each hand sample for petrographic and SEM/EDS analysis.
All thirteen samples were prepared for whole-rock geochemical analysis. The hand samples were crushed in a hardened steel jaw crusher, and then pulverized to a fine powder using a tungsten carbide ring mill. Rock powders were sent to the Geoanalytical Laboratory at Washington State University (WSU) for major and trace element analysis by X-Ray Fluorescence (XRF) spectrometry. The samples were analyzed on an automated Thermo-D r a f t 6 ARL XRF spectrometer using 40 international standards for calibration. Splits of the rock powders were also sent to Washington State University for rare earth and additional trace element analyses by inductively coupled plasma mass spectrometry (ICP-MS). Detailed sample preparation protocols, analytical methods, and estimates of analytical precision and accuracy are available at http://soe.wsu.edu/facilities/geolab/technotes/.
Three whole-rock samples were selected for Sr and Nd isotope analyses at the Isotope Geology and Geochronology Research Facility at Carleton University, Ottawa, Ontario. Two of the least altered samples, one from each sill, along with one of the most altered samples (based upon petrographic and geochemical criteria discussed below) were selected for isotopic analysis. Detailed analytical methods are described in Cousens et al. (2008) .
One large rock sample was sent to the Arizona Laserchron Center at the University of Arizona for radiometric dating. Over 100 zircons were extracted from the sample by traditional methods of crushing and grinding, followed by separation with a Wilfley table, heavy liquids, and a Frantz magnetic separator. Selected zircon grains were incorporated into a 1" diameter epoxy mount; the grains were ground to approximately half-thickness, polished, imaged with cathodoluminescence, and cleaned prior to isotopic analysis. U-Pb geochronology of the zircons was conducted by laser ablation multicollector inductively coupled plasma mass spectrometry (LA-MC-ICPMS). Detailed analytical methods and estimates of analytical precision and accuracy are provided in Gehrels et al. (2008) and in Appendix 1.
D r a f t

Results
Whole-Rock Geochemistry
On the basis of modal mineralogy, the coarser-grained samples have compositions that cluster around the quartz syenite field on the IUGS QAPF diagram. Because the majority of the samples are extremely fine-grained, it is easier to represent their compositions on the total alkali versus silica diagram (Figure 4 ), on which data from the Cannon Point sills plot in the trachyte and rhyolite compositional fields. The two sills are chemically distinct, with the lower sill having relatively lower silica and higher total alkali contents, as well as higher La/Sm and Ce/Ta ratios (Table 1; Figures 4 and 5) . While the two sills have mineralogies and bulk compositions similar to some of the syenitic units in the White Mountains and in the Monteregian Hills ( Fig. 4 ), their trace element characteristics are distinct ( Fig. 5 ).
Like most alkaline granitoids, both sills have relatively elevated REE concentrations and pronounced negative europium anomalies, probably reflecting fractionation of alkali feldspar (Leeman and Phelps 1981) ( Fig. 6a ). The higher silica and generally more evolved upper sill has a lower LREE concentration than the lower sill, more chemical variability, less steep LREE trends, a more pronounced negative europium anomaly, and a flatter overall REE profile.
Zircon Geochronology
Zircon is a minor groundmass phase in the coarser-grained sill interiors; it rarely exceeds 100 microns in length. Nine grains extracted from the upper sill were analyzed for trace element composition by LA-ICPMS at Rensselaer Polytechnic Institute. The zircons are uniform in composition, being strongly enriched in the HREE and having pronounced D r a f t 8 positive cerium anomalies and only minor negative europium anomalies ( Fig. 6b ), typical of magmatic zircons from syenitic rocks (Belousova et al. 2002) .
Twenty-nine zircon grains from the upper sill dated using LA-MC-ICPMS at the Arizona Laserchron Center yielded concordant U-Pb ages ( Table 2 ). The weighted mean age of the data is 131 +/-1.7 Ma (MSWD = 0.36; Prob = 0.99) (Figure 7 ), which is interpreted as the time of emplacement and crystallization of the sill. This age is broadly consistent with the measured ages of other igneous rocks in the Monteregian Hills province that range between 108 and 149 Ma (Figure 8 ), although some researchers have argued that most of the plutons in the Monteregian Hills were intruded over a very short time interval of 123.5 +/-1 Ma (Eby 2006; Foland et al. 1986 ). Eby (1987) Ma, and the other at ~ 120 Ma (Foland and Faul 1977) . Hubacher and Foland (1991) 
Radiogenic Isotope Ratios
Three whole-rock samples were selected for Sr and Nd isotope analysis; one from each of the two sills, and the third from one of the most extensively altered samples in order to evaluate the effects of the metasomatic alteration on the two isotope systems. Because sericitization and carbonatization were the two visually observed styles of alteration, and the secondary phases produced are volatile-bearing, we used the loss on ignition as a proxy for the degree of alteration. The most apparent chemical effect of alteration is an increase in the amount of calcium, which is positively correlated with the loss on ignition values (Figure 9a ).
Not surprisingly, Sr concentrations also appear to have been affected by the alteration processes ( Figure 9b ). Two samples with the lowest LOI and CaO concentrations, one from each sill, were selected for isotopic analysis. Additionally, the most altered sample was also analyzed in order to provide information on the effects of alteration on the two isotopic systems. All three samples yielded unusual and nearly identical isotopic ratios, with D r a f t relatively high 87 Sr/ 86 Sr i ( Figure 10 ). Some syenitic rocks from the eastern Monteregian complexes (i.e. Mt. Brome and Shefford) have similar isotopic compositions, which Landoll and Foland (1996) predominantly silica-saturated melts (e.g. diorites, granites, and syenites). In the Monteregian Hills, most of the igneous activity was ~ 125 Ma, and was dominated by silicaundersaturated melts (e.g. ijolites, essexites, nepheline diorites, etc.). The localized, and relatively linear distribution of intrusions in both of these areas has been explained by the movement of the North American plate over a mantle hotspot (Crough 1981; Foland et al. 1986 ), or alternatively, by localization of magmas along ancient faults in the basement that D r a f t were reactivated by Mesozoic rifting (McHone and Butler 1984; Roulleau and Stevenson 2013) . Outside of these two areas, Mesozoic igneous activity was limited, represented primarily by small mafic alkaline dikes (McHone 1987) or small kimberlitic intrusions (Bailey and Lupulescu 2015) . The two sills at Cannon Point are exceptions to this pattern, being relatively large syenite intrusions over 100 km south of the Monteregian Hills, and 150 km west of the WMMS. With an age of 131 Ma, they are also some of the oldest Cretaceous intrusions in the region.
The two sills have distinct chemical compositions, with the upper sill being more evolved relative to the lower sill . The dramatically different REE and incompatible element ratios in the two sills prohibit the upper sill from being derived by any simple fractionation process from the lower sill; the data are more consistent with an origin of each sill by different degrees of partial melting of a primitive, lower crustal source. The lack of any contemporaneous mafic magmas, along with the apparently modified radiogenic isotope ratios, make it difficult to construct a more detailed petrogenetic model for these syenites.
The Cannon Point syenites have bulk compositions and trace element concentrations typical of within-plate granitoids, and are similar to silicic rocks in the Monteregian Hills and the White Mountains ( Figure 11 ). Their trace element profiles are distinct from granitoids from hot spot or subduction-related tectonic settings (e.g. lower Ba/Th and higher Nb/Ce ratios) ( Figure 12a ) but are, not surprisingly, similar to the trace element profiles of silicic rocks from the Monteregian Hills and the White Mountains (Figure 12b ). One of the most notable features of these rocks is their unusually high Ta and Nb contents, which results in unusually low Ba/Ta ratios, and correspondingly high Nb/Y ratios (Figure 12b ). The only other silicic igneous rocks that we have found with similar trace element characteristics are D r a f t the tuffs and rhyolites from the Valles Caldera in New Mexico, which have been interpreted as melts of hybridized Precambrian crust generated within an incipient continental rift (Rowe et al. 2007 ). The occurrence of silicic igneous rocks with similar chemical characteristics within the Lake Champlain valley, which has been interpreted as part of a failed ancient continental rift (Burke 1977; McHone 1987) , supports the interpretation that the Cannon Point magmas formed by partial melting of Precambrian basement rocks, and that these magmas then intruded along ancient faults reactivated by Mesozoic rifting. D r a f t 21 Figure 11 . Trace element tectonic discrimination diagram for granitoid rocks (after Pearce et al. (1984) ). Monteregian Hills data from Landoll and Foland (1996) ; WMMS data from Eby et al. (1992) . 
Conclusions
Detailed methods for U-Pb geochronologic analyses of igneous zircon (Nu HR ICPMS)
U-Pb geochronology of zircons was conducted by laser ablation multicollector inductively coupled plasma mass spectrometry (LA-MC-ICPMS) at the Arizona LaserChron Center following their standard procedure (outlined below, and in Gehrels et al. (2008) ).
Zircon crystals were extracted from samples by traditional methods of crushing and grinding, followed by separation with a Wilfley table, heavy liquids, and a Frantz magnetic separator.
Samples were processed such that all zircons were retained in the final heavy mineral fraction. A split of these grains (generally 50-100 grains) were handpicked with the use of a binocular microscope and were not sieved prior to picking. The grains ranged in size from 50-200 microns; most were anhedral fragments. The selected grains were incorporated into a 1" epoxy mount together with fragments of the Laserchron center's Sri Lanka standard zircon. The mounts were sanded down to a depth of ~20 microns, polished, imaged using the cathodoluminescence mode of a scanning electron microcscope, and cleaned prior to isotopic analysis.
The analyses involved ablation of zircon with a Photon Machines Analyte G2 Excimer laser using a spot diameter of 30 microns. The ablation pit was ~15 microns in depth. The ablated material was carried in helium into the plasma source of a Nu HR ICPMS, which is equipped with a flight tube of sufficient width that U, Th, and Pb isotopes are measured simultaneously. All measurements were made in static mode, using Faraday detectors with 3x10 11 ohm resistors for 238 U, 232 Th, 208 Pb, and discrete dynode ion counters for 204 Inter-element fractionation of Pb/U is generally ~5%, whereas apparent fractionation of Pb isotopes is generally <0.2%. In-run analysis of fragments of a large zircon crystal (generally every fifth measurement) with known age of 563.5 ± 3.2 Ma (2-sigma error) is used to correct for this fractionation. The uncertainty resulting from the calibration correction is generally 1-2% (2-sigma) for both 206 -73.34560 -73.34560 -73.34560 -73.34560 -73.34570 -73.34600 -73.34600 -73.34637 -73.34529 -73.34641 -73.34732 -73.34748 -73.34748 XRF Major Elements (Weight %): D r a f t Sr ppm CaO wt. %
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